In this study, a sensitive, precise, and accurate HPLC-UV method was developed and validated to simultaneously determine the six analytes (luteolin-7-O--D-glucuronide, apigenin-7-O--D-glucuronide, diosmetin-7-O--D-glucuronide, acacetin-7-O--D-glucuronide, tilianin, and rosmarinic acid) in Yixin Badiranjibuya Granules, in which five analytes (i.e., luteolin-7-O--D-glucuronide, apigenin-7-O--D-glucuronide, diosmetin-7-O--D-glucuronide, acacetin-7-O--D-glucuronide, and rosmarinic acid) were determined for the first time in Yixin Badiranjibuya Granules, the content of tilianin in Yixin Badiranjibuya Granules was reported in other literatures, and the content of tilianin in our work was higher than that of the literature reports. The quality of 11 batch samples from four different manufacturers was evaluated using the proposed determination method. The contents of the six analytes were largely different among samples from various manufacturers. Therefore, this determination method can provide a scientific basis for quality evaluation and control of Yixin Badiranjibuya Granules.
Introduction
Yixin Badiranjibuya Granule isa well-known traditional Chinese medicine officially listed in the Fascicle of Uygur Medicine of Drug Standard of Ministry of Public Health of the People's Republic of China. In clinical applications of traditional Chinese medicine, it has been proven effective in treating cardiovascular disease, fatigue insomnia, upset, asthma, and neurasthenia [1] . Modern pharmacology studies showed that the granules exert remarkable inhibitory effects on platelet aggregation in human blood; possess a tonic for heart, antiviral, antidiuretic, and antiasthmatic activities; suppress the generation of superoxide; and improve learning and memory abilities [2] .
Yixin Badiranjibuya Granules are made of the aqueous extracts of Dracocephalum moldavica L. Previous studies demonstrated that the aqueous extracts of D. moldavica can be employed to treat cardiovascular diseases, promote vascular relaxation, and exert antioxidant activities [3] [4] [5] .
D. moldavica possesses key cardiac activities; it is used as a tranquilizer and remedy for relief of nervous conditions and for protecting cardiomyocytes against hypoxia/reoxygenation injury [6] . In addition, the water extracts of D. moldavica possess an anti-ischemic effect in animal experiments, act against isoproterenol-induced increase in myocardial oxygen consumption, and improve hypoxia tolerance [4, 7, 8] . Phytochemical studies on D. moldavica revealed that it contains many types of components, such as flavonoids, triterpenoids, steroids, phenylpropanoids, iridoids, and polysaccharides [9, 10] (
, and tilianin (TLN), and phenylpropanoids, such as rosmarinic acid (RA), were identified as the major components of D. moldavica [11] [12] [13] . Their chemical structures are shown in Figure 1 . Previous studies demonstrated that the total flavonoids extracted from D. moldavica possess obvious protective effects on myocardial I/R injury [14] [15] [16] . RA possesses a number of interesting biological activities, such as anti-inflammatory, antioxidant, antibacterial, immunoregulatory, and mesangial cell proliferation-inhibitory effects [17] [18] [19] [20] .
Herbal drugs contain a myriad of compounds in complex matrices in which no single active constituent is responsible for the overall efficacy. Although the application of Yixin Badiranjibuya Granules has been growing steadily in recent years, we have not found any scientific reports assessing the quality of these granules. Therefore, a quantitative method for evaluating the quality consistency of Yixin Badiranjibuya Granules should be developed. Consequently, a new RP-HPLC method for the simultaneous quantitative analysis of six active components (LTG, AGG, DSG, ACG, TLN, and RA) is the most direct and important method for the quality control of Yixin Badiranjibuya Granules.
Experimental

Reagents and Materials.
Reference substance of RA (purity ≥ 98%) was purchased from the National Institutes for Food and Drug Control (Beijing, China). Reference substances of LTG and AGG (purity ≥ 98%) were purchased from Shanghai Forest Biotechnology Limited Company (Shanghai, China).
Reference substances of DSG, ACG, and TLN were separated and purified in Shanghai Institute of Pharmaceutical Industry, and the study method and data were published on Biochemical Systematics and Ecology magazine [12] . The purities of DSG, ACG, and TLN were determined to be more than 98% by HPLC analysis, and the purities and data of MS and NMR are shown in the appendix.
Acetonitrile and formic acid (HPLC grade) were purchased from Fisher Scientific Products (Fair Lawn, NJ, USA). Deionized water was prepared with a Millipore water purification system (Millipore, Milford, MA, USA) and then filtered through a 0.45 m micropore membrane. Analytical grade methanol (Tianjin Chemical, Tianjin, China) was used for sample preparation.
Eleven batches of Yixin Badiranjibuya Granule samples were purchased from four different manufacturers in China. These manufacturers were Xinjiang Uygur Pharmaceutical Co., Ltd. . Samples 1-3 were produced from manufacturer A, samples 4-7 were produced from manufacturer B, samples 8 and 9 were produced from manufacturer C, and samples 10 and 11 were produced from manufacturer D.
Instruments.
Liquid chromatographic analyses were performed using a Shimadzu system that comprised LC-20AT pumps and SPD 20A UV-visible detector connected to Shimadzu Spin Chrome software. 
Sample Solutions Preparation.
The extraction conditions of Yixin Badiranjibuya Granule samples were optimized as follows: Yixin Badiranjibuya Granule samples were ground to a powder and then passed through a 60-mesh sieve. Pulverized samples (3.0 g) were weighed accurately and then extracted via an ultrasonic bath (40 kHz, 250 W) using methanol-water (70 : 30, v/v) for 30 min at room temperature, and the ratio sample/extraction solvent is 3/100 (g/mL).
Preparation of Standard Solutions and Calibration Curves.
Stock solutions of six reference substances were individually prepared by dissolving 3.98 mg of LTG, 2.91 mg of AGG, 3.84 mg of DSG, 5.85 mg of ACG, 9.88 mg of TLN, and 3.48 mg of RA in 25 mL of methanol-water (70 : 30, v/v). A certain volume of individual reference substance for these six reference substances was accurately weighed, stored in the same 10 mL volumetric flasks, and added with methanolwater (70 : 30, v/v) to dilute into mixed reference solutions with a series of concentrations. 21 .84 g/mL) were prepared and analyzed. The calibration curves were constructed by plotting the peak areas versus the concentrations of each analyte. The limits of detection (LOD) and quantification (LOQ) for each analyte were determined by serial dilution of standard solution until the signal-to-noise (S/N) ratios were 3 and 10, respectively.
Method Validation.
The method was validated in terms of parameters of linearity, LOD and LOQ, precision, accuracy, stability, and repeatability according to the International Conference on Harmonisation (ICH) [21] .
With established chromatographic conditions, intra-and interday assays were used to determine the precision of the developed assay. For intraday precision, the sample was extracted and analyzed for six replicates within 1 d. For interday precision, the sample was extracted and examined in duplicates for over six consecutive days. Precisions were expressed by the relative standard deviations (RSDs).
Accuracy was evaluated with recovery test. Recovery was used to evaluate the method's accuracy by spiking known amounts of the six analyte solutions mixed with a certain amount (1.5 g, 60 mesh) of sample at three concentration levels (low, middle, and high) with three parallel analyses at each level. These mixtures were extracted and analyzed using the aforementioned method. The accuracy was evaluated by calculating the mean recovery of the six analytes. The recovery was measured according to the following formula:
and the results were estimated with the RSD. The stability of the sample solution was tested at room temperature. The sample was extracted using the aforementioned method, and the sample solution was analyzed using the established method at 0, 2, 4, 6, 8, 10, and 12 h. The peak areas of six analytes were recorded, and the RSDs of peak areas at different times were calculated. In terms of repeatability, the independent sample solution from identical batches was prepared and analyzed in six parallel analyses.
Result and Discussion
Optimisation of Liquid Chromatographic Conditions.
To successfully separate the six analytes, various analytical columns were tested, and different mobile phase compositions were changed to achieve good peak shape and high peak responses. First, the commonly used reversed-phase column, Shim-pack ODS C 18 column, and Merck Purospher STAR C 18 column with the same column length, diameter, and particle size (250 mm × 4.6 mm, 5 m) were compared using the same mobile phase program. The column temperature (Figure 2(A) ). The results showed that the separation of the six analytes seemed better on the Merck Purospher STAR LP C 18 column than that on the Shim-pack ODS C 18 column. However, the efficiency of the separation of the peaks of compounds 1 and 5 was not very ideal on the Merck Purospher STAR LP C 18 column (Figure 2(B) ). Thus, the Merck Purospher STAR LP C 18 column was selected to further optimize the ratio of the mobile phase program. When elution programs were as follows: 0-30 min, isocratic 18% (v/v) B; 30-60 min, linear gradient 18%-30% (v/v) B; and 60-70 min, isocratic 30% (v/v) B, the results showed that the separation performance of the six analytes was further improved (Figure 2(C) ).
Typical chromatograms of the sample solution are depicted in Figure 2. 
Optimization of Extraction Conditions.
Ultrasonic bath extraction is a sample extraction system for medicinal herbs, which has advantages of short operation time, high extraction efficiency, less solvent consumption, and good repeatability. The different ultrasonic bath extraction conditions of the six analytes were optimized using a univariate approach in terms of methanol concentration (30%, 50%, 70%, and 100% aqueous methanol), the ratio sample/extraction solvent (3/50, 3/100, and 3/150 g/mL), and extraction time (10, 20, 30 , and 40 min), and the different ultrasonic bath extraction conditions are shown in Table 2 . The individual experiments under different conditions were conducted in triplicate. The contents of the six analytes were calculated to evaluate the extraction efficiency, and the results are shown in Figure 3 . For methanol concentration, the highest contents of the six analytes could be obtained at 70% aqueous methanol. For extraction time, the contents of the six analytes were significantly higher at 30 and 40 min than those at 10 and The ratio sample/extraction solvent (3/50, 3/100, and 3/150 g/mL), extraction solvent 70% aqueous methanol, and extraction time 30 min 20 min. For the ratio sample/extraction solvent, no significant differences were found for 3/100 and 3/150 (g/mL). To ensure a shorter time cost for the assay, the final conditions were optimized. Pulverized granules (3.0 g) were weighed accurately, and samples were extracted via ultrasonic bath (40 kHz, 250 W) using 70% aqueous methanol for 30 min at room temperature, and the ratio sample/extraction solvent is 3/100 (g/mL). The working standard and sample solutions for analysis were ultimately obtained after filtering through a 0.45 m membrane filter, and 10 L was injected for HPLC analysis. All solutions were stored in the refrigerator at 4 ∘ C. Journal of Analytical Methods in Chemistry 
Method Validation.
With the established chromatographic conditions, the results of the calibration curves, LODs, and LOQs are summarized in Table 3 . These six standard compounds showed good linearity over a wide concentration range based on the correlation coefficients ( 2 > 0.9987). The LODs of the six analytes were in the range of 0.1165-0.3800 g/mL, and the LOQs of the six analytes were in the range of 0.3599-1.1508 g/mL. Only the content of TLN in Yixin Badiranjibuya Granules was reported in other literatures [22] , and its LOD and LOQ are higher than our established method. So, these values indicated that the analytical method was sufficiently sensitive. The results of precision are shown in Table 4 . The RSDs of the intra-and interday variations of the six analytes were less than 1.56% and 1.75%, respectively, indicating that the developed method was precise for the determination of these analytes. The results of repeatability and stability are shown in Table 5 . In terms of repeatability, the independent sample solution from identical batches was prepared and analyzed in six parallel measurements (RSD < 1.80%). The sample solution was found to be stable. The RSDs of these peak areas were <1.87%. The recoveries of the six analytes are summarized in Table 6 . The overall recoveries of the six analytes were 98.43%-101.09% with RSD < 1.81%, which suggested that this newly established method was highly accurate for the determination of the six analytes.
These data demonstrated that the established approach was precise, accurate, and sensitive for the simultaneous quantitative determination of the six analytes in Yixin Badiranjibuya Granules.
Quantification of the Six Analytes in Yixin Badiranjibuya Granules by HPLC.
The newly established quantitative method was applied to evaluate the quality of 11 batch samples from four different manufacturers. Typical HPLC chromatograms of Yixin Badiranjibuya Granule samples are shown in Figure 3 , and the contents of the six analytes are summarized in Table 7 . As shown in Figure 3 , the six analytes were the major components of Yixin Badiranjibuya Granules. All six analytes analyzed were detectable in the 11 batch samples of four different manufacturers. Table 7 also illustrates the significant differences in the content of single components of the six compounds among commercial samples from four different manufacturers. The content of the six compounds to be produced in Chinese Xinjiang Uygur Pharmaceutical Co., Ltd., was higher than that of the others. Thus, the newly established quantitative method could be 
Conclusion
The chemical composition of traditional Chinese medicine is complex. Simultaneous determination of various active ingredients is necessary to ensure the quality of medicine and enhance drug quality control standards. Flavonoids and phenylpropanoids are the main active ingredients in the traditional Chinese Uyghur medicine Yixin Badiranjibuya Granules. In this study, a sensitive, precise, and accurate HPLC-UV method was developed and validated to simultaneously determine the six analytes (five flavonoids and one phenylpropanoids) in Yixin Badiranjibuya Granules. The quality of 11 batch samples from four different manufacturers was evaluated using the proposed determination method (Figure 4) . The contents of the six analytes were largely different among samples from various manufacturers, in which five analytes (i.e., luteolin-7-O--D-glucuronide, apigenin-7-O--D-glucuronide, diosmetin-7-O--D-glucuronide, acacetin-7-O--D-glucuronide, and rosmarinic acid) were determined for the first time in Yixin Badiranjibuya Granules, the content of tilianin in Yixin Badiranjibuya Granules was reported in other literature, and the content of tilianin in our work was higher than that of the literature reports [22] . Therefore, this determination method can provide a scientific basis for quality evaluation and control of Yixin Badiranjibuya Granules. 
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